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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please enter the following amendment to the specification filed in the 
present case: 

IN THE SPECIFICATION : 

Please amend the first full paragraph at page 1 , lines 6-8, to include a 
reference to all the priority applications, as follows (clean copy attached): 

The present invention is a continuation application of co-pending 
U.S. Patent Application Serial No. 09/551.233 filed April 17. 2000. which is a 
continuation-in-part application of [the] United States patent application 
09/429,984 filed on October 29, 1999. 

IN THE CLAIMS : 
Please cancel claim 3. 

Please amend claims 1, 7 and 15 as follows (clean copy attached): 

1 . (Amended) A method of fabricating a semiconductor device 
having a ferroelectric capacitor, comprising the steps of: 
forming an active device element on a substrate; 
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forming an insulation film over said substrate to cover said active 
device element; 

forming a lower electrode layer of said ferroelectric capacitor over said 
insulation film; 

forming a ferroelectric film on said lower electrode layer as a capacitor 
insulation film of said ferroelectric capacitor; 

crystallizing said ferroelectric film by applying a thermal annealing 
process in an atmosphere containing a non-oxidizing gas and an oxidizing 
gas; and 

forming an upper electrode layer on said ferroelectric film[.] ^ 
wherein said step of crystallizing said ferroelectric film is conducted by setting 
a composition of said atmosphere such that said atmosphere contains said 
oxidizing gas with a fraction of 1 to 20% in volume. 

7. (Amended) A method as claimed in claim 1 , wherein said step 
of forming [said step of forming] said ferroelectric film comprises the step of 
forming said ferroelectric film by a sputtering process. 

1 5. (Amended) A semiconductor device, comprising: 
a substrate; 

an active device element formed on said substrate; 
an insulation film provided over said substrate to cover said active 
device element; 

a lower electrode containing Pt provided over said insulation film; 

a ferroelectric film provided on said lower electrode, said ferroelectric 
film having a columnar microstructure extending from an interface between 
said lower electrode and said ferroelectric film in a direction substantially 
perpendicular to a principal surface of said lower electrode, said ferroelectric 
film essentially consisting of crystal grains having a generally uniform grain 
diameter of less than about 200 nm; and 

an upper electrode provided on said ferroelectric film. 

Please add new claims 21-28 as follows: 

21 . A method of fabricating a semiconductor device having a 
ferroelectric capacitor, comprising the steps of: 
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forming an active device element on a substrate; 
forming an insulation film over said substrate to cover said active 
device element; 

forming a lower electrode layer of said ferroelectric capacitor over said 
insulation film; 

forming a ferroelectric film on said lower electrode layer as a capacitor 
insulation film of said ferroelectric capacitor; 

crystallizing said ferroelectric film by applying a thermal annealing 
process in an atmosphere containing a non-oxidizing gas and an oxidizing 
gas; and 

forming an upper electrode layer on said ferroelectric film, 
wherein said step of crystallizing said ferroelectric film is conducted by setting 
the composition of said atmosphere such that said atmosphere contains said 
oxidizing gas with a fracfion of 1 - 20% by volume, and wherein said method 
further comprises the step, after said step of crystallizing said ferroelectric 
film, of oxidizing said ferroelectric film in an oxidizing atmosphere. 

22. A method as claimed in claim 21 , wherein said step of forming 
said lower electrode layer includes depositing a Ti layer and a Pt layer 
consecutively. 

23. A method as claimed in claim 21, wherein said non-oxidizing 
gas is selected from a group consisting of Ar, He, Ne, Xe and N2. 

24. A method as claimed in claim 21, wherein said oxidizing gas is 
selected from a group consisting of O2, N2O, NO and NO2. 

25. A method as claimed in claim 21 , wherein said step of 
crystallizing said ferroelectric film is conducted by a rapid thermal annealing 
process. 

26. A method as claimed in claim 21 , wherein said step of forming 
said ferroelectric film comprises the step of forming said ferroelectric film by a 
sputtering process. 
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27. A method as claimed in claim 26, wherein said ferroelectric film 
has a perovskite structure. 



28. A method as claimed in claim claim 27, wherein said 
ferroelectric film is a film of zirconate titanate of Pb. 

REMARKS 

After cancellation of claim 3 and addition of claim 21-28, 27 total claims 
are presented, of which 5 claims are independent claims. Please enter this 
amendment prior to calculation of the application filing fees for this case. 

Respectfully submitted, 

January 4, 2002 





Carol W. BMjrton, Reg. No. 35,465 

Hogan & Harrison L.L.P. 

1200 Seventeenth Street, Suite 1500 

Denver, CO 80202 

Telephone: (303) 454-2454 

Facsimile: (303) 899-7333 
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CLEAN COPY OF AMENDED SPECIFICATION PARAGRAPH OF PAGE 1 



The present invention is a continuation application of co-pending 
U.S. Patent Application Serial No. 09/551 ,233 filed April 17, 2000, whicli is.a 
continuation-in-part application of United States patent application 09/429,984 
filed on October 29, 1999. 
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CLEAN COPY OF NEW AND AMENDED CLAIMS 



1 . (Amended) A method of fabricating a semiconductor device 
having a ferroelectric capacitor, comprising the steps of: 

forming an active device element on a substrate; 

forming an insulation film over said substrate to cover said active 
device element; 

forming a lower electrode layer of said ferroelectric capacitor over said 
insulation film; 

forming a ferroelectric film on said lower electrode layer as a capacitor 
insulation film of said ferroelectric capacitor; 

crystallizing said ferroelectric film by applying a thenmal annealing 
process in an atmosphere containing a non-oxidizing gas and an oxidizing 
gas; and 

forming an upper electrode layer on said ferroelectric film, 
wherein said step of crystallizing said ferroelectric film is conducted by setting 
a composition of said atmosphere such that said atmosphere contains said 
oxidizing gas with a fraction of 1 to 20% in volume. 

7. (Amended) A method as claimed in claim 1 , wherein said step 
of forming said ferroelectric film comprises the step of forming said 
ferroelectric film by a sputtering process. 

15. (Amended) A semiconductor device, comprising: 
a substrate; 

an active device element formed on said substrate; 
an insulation film provided over said substrate to cover said active 
device element; 

a lower electrode containing Pt provided over said insulation film; 

a ferroelectric film provided on said lower electrode, said ferroelectric 
film having a columnar microstructure extending from an interface between 
said lower electrode and said ferroelectric film in a direction substantially 
perpendicular to a principal surface of said lower electrode, said ferroelectric 
film essentially consisting of crystal grains having a generally uniform grain 
diameter of less than about 200 nm; and 
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an upper electrode provided on said ferroelectric film. 

21 . A method of fabricating a semiconductor device having a 
ferroelectric capacitor, comprising the steps of: 

forming an active device element on a substrate; 
forming an insulation film over said substrate to cover said active 
device element; 

forming a lower electrode layer of said ferroelectric capacitor over said 
Insulation film; 

forming a ferroelectric film on said lower electrode layer as a capacitor 
insulation film of said ferroelectric capacitor; 

crystallizing said ferroelectric film by applying a thermal annealing 
process in an atmosphere containing a non-oxidizing gas and an oxidizing 
gas; and 

forming an upper electrode layer on said ferroelectric film, 
wherein said step of crystallizing said ferroelectric film is conducted by setting 
the composition of said atmosphere such that said atmosphere contains said 
oxidizing gas with a fraction of 1 - 20% by volume, and wherein said method 
further comprises the step, after said step of crystallizing said ferroelectric 
film, of oxidizing said ferroelectric film in an oxidizing atmosphere. 

22. A method as claimed in claim 21 , wherein said step of forming 
said lower electrode layer includes depositing a Ti layer and a Pt layer 
consecutively. 

23. A method as claimed in claim 21, wherein said non-oxidizing 
gas is selected from a group consisting of Ar, He, Ne, Xe and N2. 

24. A method as claimed in claim 21 , wherein said oxidizing gas is 
selected from a group consisting of O2, N2O, NO and NO2. 

25. A method as claimed in claim 21, wherein said step of 
crystallizing said ferroelectric film is conducted by a rapid thermal annealing 
process. 
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26. A method as claimed in claim 21 , wherein said step of forming 
said ferroelectric film comprises the step of forming said ferroelectric film by a 
sputtering process. 

27. A method as claimed in claim 26, wherein said ferroelectric film 
has a perovskite structure. 

28. A method as claimed in claim claim 27, wherein said 
ferroelectric film is a film of zirconate titanate of Pb. 
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